Optical detection of mitochondrial NADH content in intact human myotubes.
Time-gated fluorescence spectroscopy in combination with non-radiative energy transfer was used on intact human skeletal myotubes for the determination of the mitochondrial NADH content which is considered to be a sensitive indicator of mitochondrial function. To mimic dysfunction of the mitochondrial energy metabolism, complexes I or III of the respiratory chain were inhibited by drugs. In the absence of the fluorescent mitochondrial marker rhodamine (R123), the NADH autofluorescence (i.e. a signal monitoring cytoplasmic plus mitochondrial NADH) remained unchanged upon inhibition of complex I by rotenone, and was increased by a factor of 2 upon inhibition of complex III by antimycin. In the presence of R123, the autofluorescence of NADH was reduced indicating non-radiative energy transfer from NADH to R123. The ratio of the R123 fluorescence signals obtained with the two excitation wavelengths of 355 nm and 488 nm was taken as a measure of mitochondrial NADH. Relative NADH changes were estimated in the presence of the above-mentioned inhibitors. Upon complex I inhibition, mitochondrial NADH was increased by a factor of 1.5. Upon inhibition of complex III, mitochondrial NADH was increased by a factor of 2. We conclude that time-gated spectroscopy combined with non-radiative energy transfer is an appropriate tool for probing mitochondrial enzyme complex deficiencies.